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ABSTRACT 
 
With numerical models, the behaviour of mining pits can be calculated for a time span of several 
years. Two different positions have been investigated in the Jade-Weser Estuary applying the 
morphodynamic-numerical model TIMOR. The pits show a very typical pattern of bed deformation. 
Under high wave energy conditions a movement of the mining pit can theoretically happen. Other 
factors as tidal asymmetry are important as well. 
 
1. INTRODUCTION 
 
Mining pits are an important source of construction material at the coast. Large amounts of sand are 
needed for the construction of piers in ports. Especially for this purpose the dredged sand is less 
expensive than sand from the mainland. In northern Germany a sand volume of about 2-3 
Million m³ per year is needed for the coastal 
protection measures. Dedicated measures need 
tens of thousands m³. The Jade-Weser port 
project has an estimated demand of 50 Mio. 
m³. It is important to know the consequences 
of this dredging on the coastal 
morphodynamics. In what time is the mining 
pit filled up again with material? What are the 
consequences for the surrounding areas? Will 
the excavation of material morphologically 
influence a larger area or a smaller one? The 
knowledge is of importance in ecological 
aspects and with respect to coastal protection. 
 
The sand is often dredged with a 
classical dredger in a single pit. Otherwise 
using a trailing suction hopper dredger the 
sand is excavated in lines, that can cross over 
and form an entire field. Of course the fields 
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Figure 1: Depth lines of the model domain 
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are less deep than the pits, normally about 2 m. The pits reach depth 20 m and more below the sea 
bottom.  
In the literature different experiences are reported with the behaviour of mining pits. In Pakiri, 
New Zealand a mining pit was suspected to cause a sand deficit at the shore in a very high energetic 
nearshore environment. This pit refilled in a very short time interval. The time for the refill of the 
pits depends of course strongly on the intensity of the sediment transport and thus on the energy 
level at that place. A mining pit excavated between 1984 and 2001 off the coast of the island Sylt 
located at the German North Sea coast, is refilling very slowly, not because it is very deep but 
because the overall sediment transport rate is not high at that location. A short comparison of the 
different German sites can be found in the dissertation Diesing (2005). 
 
In this paper two different locations have been investigated in the Jade-Weser Estuary: 
1. Mining pit in the Jade tideway. 
2. Hypothetical mining field in a high energy environment at a distance from the coast. 
 
2. FIRST EXAMPLE: JADE TIDEWAY 
 
The location of the study is chosen to coincide with a test mining pit dredged about 15 years ago in 
the Jade. This test has been reported at the ICCE 1994 by H. Manzenrieder. The pit was 10 m deep, 
the volume was 210000 m³ and the mean grain size d50=0.25 mm. The pit has filled up 5 m in 7 
month, that is 51% of its initial volume. It was reported that the mean sediment suspension 
concentration was 15 t per hour and meter, what corresponds to a mean concentration of about 
0.3 g/l. . The depth contours of the area are shown in Figure 1. The site is relatively well protected 
against waves, the observed significant wave height Hs is typically about 30 cm. The tidal currents 
are dominant and reach values of 2.0 m/s.  
The morphodynamic model TIMOR is well suited for this kind of calculation and has numerous 
successful applications in the coastal area. It has been developed by the authors of this paper. The 
numerical model incorporates all involved processes necessary for this application, from wind 
generates waves over tidal currents to sediment transport and bed changes. The model couples the 
different processes in a direct way. The wave field is computed by the SWAN model as an external 
 
Figure 2: Initial depth distribution without (left) and with (right) mining pit 
mining pit 
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program. Data is exchanged through pipelines. A significant amount of time is needed for the wave 
computation with this spectral wave energy model. For every 10 min the relevant data is exchanged 
between the wave and the current models.  The model technique relies on the morphodynamic 
acceleration factor to compute time spans of up to a couple of years. Nevertheless a certain scenario 
has to be chosen that is representative for the mean situation.  
 
Figure 3: Time series of the refilling process of the dredging pit in the Jade Estuary. 
In Figure 2 the initial depth distribution is given. The mining pit is the blue spot indicated by 
the arrow. Like in the test dredging, the bottom of the pit is at 22 m below m.s.l. and the surrounding 
bed level is about 12 m resulting in a 10 m deep pit. The volume of the pit is 300000 m³. 
As can be seen in Figure 3, the mining pit is 
filled up in a relatively short time. The material of 
the filling is relatively fine. After 7 tides or 80 h 
about 5 m have been refilled. With the 
morphological factor of 30, used in this 
computation, we arrive at 3.5 month for the time 
interval shown in Figure 3. This is faster than in 
the observations. The difference is easily 
explained with the suspended sediment 
concentrations. In the model the concentrations 
have been chosen higher than the observed value 
of 300 mg/l to increase the speed of computation. 
In Figure 4 the computed depth changes are 
plotted. The general sediment transport rate is less 
in the deeper mining pit. The resulting pattern of 
depth changes around the mining pit is erosion at 
the rims by the currents and waves and 
accumulation in the inner parts. This is a general 
tendency for a smoothing of the disturbed 
topography. But due to the depression in the 
bottom the current fields change significantly after the dredging phase. The tidal current velocities 
Figure 4: Change of bottom level after mining. 
Final depth with dredging minus without 
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are in general less, because of the increased depth. But at the same time, the flow is likewise 
attracted to the depression. Thus the velocities are higher on the rims in the streamwise direction, 
where the profiles are smoothing. In the direction perpendicular to the flow the velocities are 
decreased and an accumulation at the rims is calculated by the numerical model (intense red color). 
The reason for this accumulation is the attraction of the flow by the mining pit. In Figure 5 this is 
schematically depicted. 
In the shallower parts the depth changes are less intensive than in the deeper parts, i.e. the pit 
is filled up near the deep channel faster than away from it. In the result a tendency to a net migration 
of the deepest point of the mining pit in the direction of the coast may appear. This is of course not a 
real migration.  
 
3. SECOND EXAMPLE: EXPOSED LOCATION 
 
A second hypothetical example is simulated, that is more exposed to wave attack. After dredging 
this pit exhibits a  tendency to migrate. But whether this is actually a migration is not clear. A real 
migration would need erosion in one part of the pit. It would be dangerous if erosion would take 
place in the part that is pointing to the coast. For that exposed case the natural depth changes in this 
part are comparable or stronger than the dredging induced changes. No increased coastal hazard is 
predicted in this case.  
Nevertheless the potential of the mining pit to migrate in the direction of the coast must be 
considered by means of morphodynamic numerical models. 
                                    
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Principle of the depth changes around a mining pit.  
The model area is located in the inner part of the German Bight and includes the Weser and the Elbe 
estuaries. 120000 nodes and 240000 triangles are used to represent the model domain. In the area of 
the outer  banks the model is refined appropriately. The model is accounting for graded sediment 
transport. In Figure 6 the mean grain size used in the computation is shown. This grain size is 
computed by the model itself by relying on the depth soundings and letting the model sort the 
material so that the depth is not rapidly changing in the model. Good experience has been gathered 
during the last decade with this type of model set up in coastal waters. As to be expected, the bed 
material is with 0.7 mm coarser in the big tideways and fine with about 0.17 mm in the wadden 
areas.  
flow pathes          bed reaction 
Major flow direction 
erosion 
accretion 
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Figure 6: Distribution of the mean grain size 
in the model domain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The morphodynamic model TIMOR is coupled with the wave model SWAN. It accounts for 
wave orbital motion close to the bottom in the entrainment formula, as well as for radiation stress in 
the momentum equations. In Figure 7 typical wave height distributions during high water and low 
water are shown. The wave model is driven by hypothetical wind and wave boundary conditions. 
The boundary values should be a representative with respect to the morphological change, but here 
simply average conditions are taken for the calculation. The waves break in the region of the outer 
shallows. Here the significant wave height is decreasing from 1.2 m to almost 0.5 m or less in the 
very shallow or even dry areas. In the same areas the bottom orbital velocities of the waves reach 
highest values for the model domain of about 0.5 m/s. This is depicted in Figure 8. 
 
 
Figure 7: Significant wave height distribution for a typical westerly wind condition and low water (left) and 
heigh water (right). 
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Figure 8: Bottom orbital velocities from the wave model for the same westerly wind condition as in Figure 4 
above for low water (left) and hight water (right) 
 
 
Figure 9: depth differences at the 
beginning of the computation by the 
morphodynamic numerical model after 
dredging within the black polygon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Starting with a dredging of 2 m depth within the black polygon given in Figure 9 a 
morphodynamic simulation of the refilling process has been started. The model has been run twice. 
One time without the dredging and the second time with dredging. The development of the 
difference between the two run’s over time is interpreted as the consequence of the dredging. So 
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nevertheless the entire system is free to develop morphodynamically we can see in these differences 
the impact very clearly. In Figure 10 the final result after 10 tides is shown. 
 
 
Figure 10: depth differences 
computed by the morphodynamic 
numerical model after dredging 
within the black polygon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The dredging is changing the fields of significant wave height and bottom orbital velocities. 
The waves are higher after passing the dredging field, where substantial breaking takes place. The 
bottom orbital velocities are lower within the field mainly because of the greater depth and after the 
waves have passed the dredging field they are higher again. The depth changes after 10 tides reflect 
almost the depth changes of the numerical model. The dredged material is lacking in areas, where 
accretion is taking place in the model background and erosion is accelerated by the same deficit of 
material. 
 
4. CONCLUSIONS 
 
The following concluding statements can be made based on the results of the computations shown 
above: 
 
1. The mining pits are stretched in the major flow direction. 
2. In high wave energy environment more wave energy propagates across the deeper fields and 
may potentially cause erosion behind them, also in the presented examples this was not the 
case. 
3. The part of the field exposed to more energy is refilling faster. This results in a „migration“ 
of the maximum depth location.  
4. The fields refilling process influences the background depth changes at the location and vice 
versa. If accumulation took place, it is slowed down and erosion is accelerated. 
 
The 7th Int.  Conf. on Hydroscience and Engineering (ICHE-2006), Sep. 10 – Sep. 13, Philadelphia, USA 8 
With basic information from the site - suspended sediment, grain sizes, wave climate – it is 
possible to make computer simulations of the refilling process of mining pits. These simulations 
give very useful information on the behaviour of the pit. Especially looking at a dangerous 
shoreward migration of the pits it is recommended to carry out simulations prior to dredging. 
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